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Open access under thThe pathophysiological mechanisms underlying chronic con-
stipation in both adults and children remain to be unravelled. This
is a not inconsiderable challenge, but is fundamental to improving
management of such patients. Rectal sensorimotor function, which
encompasses both sensation and motility, as well as biomechanical
components (compliance, capacity), is now strongly implicated in
the pathogenesis of constipation. Rectal hyposensitivity, rectal
hypercompliance, increased rectal capacity, rectal motor dysfunc-
tion (phasic contractility and tone), and altered rectoanal reﬂex
activity are all found in constipated patients, particularly in asso-
ciation with ‘functional’ disorders of defaecation (i.e. pelvic ﬂoor
dyssynergia). This review covers contemporary understanding of
how components of rectal sensorimotor function may contribute
to symptom development in both adult and paediatric pop-
ulations. The complex interaction between sensory/motor/biome-
chanical domains, and how best to measure these functions are
addressed, and where data exist, the impact of sensorimotor
dysfunction on therapeutic outcomes is highlighted.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.Introduction
In both adult and paediatric populations, constipation is a common and heterogeneous disorder,
characterised by difﬁcult and/or infrequent stool passage [1–3]. The term constipation embraces
a range of symptoms related to a patients’ dissatisfaction with their ability to expel stool. A better
understanding of the pathophysiology of constipation is fundamental to therapeutic advances [4].; fax: þ44 20 7377 7346.
.
e Elsevier OA license.
S.M. Scott et al. / Best Practice & Research Clinical Gastroenterology 25 (2011) 103–118104Normal rectal function is dependent on its biomechanical and structural properties, together with
an intact nerve supply. Although it does not function in isolation, the rectum is central to the process of
defaecation. Accordingly, abnormalities of rectal wall properties and/or sensorimotor dysfunction may
conceivably lead to problems with evacuation of rectal contents. Indeed, the majority of patients with
intractable constipation complain of symptoms of evacuatory dysfunction [2,3].
This chapter will focus on the role of rectal sensorimotor function, a termwhich encompasses both
sensation and motility, as well as biomechanical components (compliance, capacity). As sensation and
motor functions are inextricably linked, alteration in one domain can adversely affect the other.
Abnormal rectal motor physiology and visceral sensory dysfunction are now clearly implicated in the
pathogenesis of functional bowel disorders, including constipation [3]. Techniques used to study
sensorimotor function are outlined in Table 1.
Rectal sensory function
Awareness of rectal ﬁlling is critical to normal function [5], i.e. the process of defecation and the
maintenance of continence. Although most physiological stimuli are rarely perceived in health,
sensations arising from the rectum reach conscious perception through a three-order neuron chain: (1)
spinal afferent neural pathways to the dorsal horn of the sacral spinal cord; (2) spino-thalamo-cortical
pathways to the thalamus andmedial dorsal nucleus; (3) projections to the posterior insular cortex and
dorsal anterior cingulate cortex. Brain processing enables encoding of the intensity of both painful and
non-painful sensations (sensory discriminative function), and also mediation of the affective, auto-
nomic and motivational response to the stimulus (affective-emotional perception) [6,7]. Aberrant
processing of sensory signals can occur at any level in these pathways, from sensory neurons in the gut
wall (including receptors), to the brain centres processing the gastrointestinal information [8],
Furthermore, data are emerging that psychological factors have a major inﬂuence on visceral sensi-
tivity and symptom reporting [9].
Abnormal visceral sensitivity is now widely considered to be important in the development of
functional bowel disorders [10–12]. Although considerable attention has been dedicated to the study of
visceral hypersensitivity [13], the importance of impaired visceral sensation (hyposensitivity) has been
relatively overlooked. Evaluation of rectal sensitivity involves the presentation of a stimulus and the
measurement of the perceived response to that stimulus [14]. Although the rectum is sensitive to
electrical [15] and thermal stimulation [16], mechanical distension is the most reliable and physio-
logical stimulus [17,18]. In everyday clinical practice, rectal sensation is most effectively and conve-
niently quantiﬁed by manually distending a latex balloon with air, using a hand-held syringe [14,19].
However, the computerised barostat is now recognised as the gold-standard method for the evaluation
of various components of rectal sensorimotor function [14,20,21]. For assessment of rectal sensitivity,Table 1
Techniques used to measure rectal sensorimotor function.
Modality Test Measurement
Sensory function Latex balloon distension Threshold volumes
Barostat bag distension Threshold volumes and pressures
Visual analogue scores
Electrical stimulation Mucosal electrosensitivity thresholds
Thermal stimulation Mucosal thermosensitivity thresholds
Brain ‘imaging’ Rectal evoked potentials
Functional magnetic resonance imaging
Motor function Prolonged manometry Phasic contractile activity
Prolonged barostat Tonic contractile activity, phasic contractile events
Biomechanical function Barostat pressure-volume curve Compliance
Impedance planimetry Compliance, rectal wall stress and strain
Capacity/size Barostat study under ﬂuoroscopy Diameter
MRI Rectal dimensions
‘Composite’ sensorimotor
function
Balloon expulsion Evacuatory function
Evacuation proctography Evacuatory function
MR defaecography Evacuatory function
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being reported [22]. The “ascending method of limits”, which involves the presentation of an
increasing stimulus until perceived by the subject, is usually used to measure sensory thresholds
during distension [14,20]. The use of such a predictable protocol, however, may incur response bias.
The Mayo group has proposed assessing visceral sensitivity using stepwise distension from 0 to
60 mm Hg in 4 mm Hg steps every 1 minute (ascending method of limits), and four random-order
phasic distensions of pressures set at 12, 24, 36, and 48mmHg above the basal operating pressure [23].
Rectal hyposensitivity (RH) relates to a blunted or diminished perception of rectal distension [12];
most conveniently, this may be diagnosed on the basis of elevated sensory threshold volumes required
to elicit rectal sensations during simple balloon distension [21,24]. With barostat studies, RH is sug-
gested by the presence of sensory threshold volumes (or pressures) elevated above the normal range,
or verbal descriptive or visual analogue scores reduced below the normal range [21].
Adults
A quarter of a century ago, Shouler and Keighley proposed that impaired rectal sensation, along
with colonic dysmotility and evacuatory dysfunction, should be considered a biomarker of chronic
constipation. They showed that 17 of 25 patients with severe and intractable symptoms had threshold
volumes to distension more than 2 standard deviations above mean control values [25]. Since then,
a large number of studies in adult patients with chronic constipation, and also patients with con-
stipation-predominant irritable bowel syndrome, have conﬁrmed that a proportion have rectal
hyposensitivity to mechanical distension [15,26–40], and that this may be allied to attenuation or loss
of the desire to defaecate, or “call to stool” [30,41,42]. The largest studies to date in the literature have
shown RH to be present in 23% of patients with constipation alone and 27% of patients with coexistent
constipation and incontinence [43], and that RH is most frequently associated with symptoms of
evacuatory dysfunction [44]. In particular, RH is impaired in those patients with a ‘functional’ evac-
uatory disorder or pelvic ﬂoor dyssynergia [12,45], which reinforces the concept that intact rectal
sensation is required for adequate recto-anal co-ordination and appropriate relaxation of the pelvic
ﬂoor during defaecation [46]. However, the cause-effect relationship remains unclear.
Pathophysiology of RH
Diminished perception of rectal distension has traditionally been considered a sign of impaired
afferent nerve function [12]. Indeed, constipation allied to loss of rectal sensation has clearly been
demonstrated in patients following pelvic or sacral nerve injury [47–49]. However, sensory assessment
using balloon distensionmay be subject tomisinterpretation under certain circumstances, andmay not
accurately reﬂect the function of visceral afferents (Fig.1). Certainly, sensory threshold volumesmay be
inﬂuenced by structural and/or rectal biomechanical properties. A subgroup of patients with intrac-
table constipation has persistent dilatation of the rectum, termedmegarectum; in such patients greater
volumes will be required to distend and thus stimulate the rectum [50]. Furthermore, increased rectal
compliance (also see below), exaggerated rectal wall relaxation and reduced tone may all result in
a failure of generation of forces and deformations in the rectal wall during distension that would
normally stimulate rectal mechanoreceptors. Thus elevated sensory threshold volumes may conceiv-
ably reﬂect altered rectal biomechanics or increased size and hence inadequate stimulation, rather
than dysfunction of the rectal afferent pathway itself [12,51]. This distinction between ‘primary’ RH,
and RH ‘secondary’ to abnormal structural or biomechanical properties of the rectum is of fundamental
importance [12,52]. Recently, the group from Queen Mary University London stratiﬁed patients with
constipation and rectal hyposensitivity (to balloon distension) into pathophysiological subgroups on
the basis of a systematic evaluation of rectal compliance, rectal diameter and afferent nerve sensitivity
to electrical stimulation (Fig. 2) [53]. They showed that 16% had an anatomical megarectum (increased
rectal dimensions, but normal compliance), 51% a functional or “pathophysiological” megarectum
(increased rectal dimensions and hypercompliance), and the remaining 33% appeared to have true
impairment of afferent nerve function (normal rectal biomechanical properties, but abnormal nerve
sensitivity). Of 23 patients with increased compliance, 9 (39%) also had evidence of abnormal afferent
nerve function [53]. As yet, no data exist as to targeted management based upon these subgroups.
Fig. 1. Impact of rectal size on sensory threshold volumes. Greater volumes will be required to initiate distension, and thus elicit
rectal sensations during balloon distension in patients with megarectum (A) compared to those with normal rectal dimensions (B).
(Modiﬁed from Madoff et al, International Journal of Colorectal Disease, vol. 5, 1990, and printed with the kind permission of Springer
Science and Business Media). [51].
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Causesof RHmaybe regardedasbeingeither congenital (e.g. sacral agenesis, neural tubedisorders, or
congenital megarectum), or, more commonly, acquired [12]. With respect to the latter, RH has been
noted in associationwith disruption to peripheral afferent nerve pathways (including at hysterectomy)
[54], with central nervous system lesions of the spinal cord or brain (e.g. multiple sclerosis, Parkinson’s
disease), or with more generalised neuropathies, such as in diabetes mellitus [12]. In a study of 261
patients with RH, 38% had a history of previous pelvic surgery, 22% a history of anal surgery, and 13%
a history of spinal trauma; attribution to symptomonsetwas considered by27%, 25% and 31% of patients
in these sub-groups, respectively [44]. Nevertheless, in 37% of patients, no eventswere apparent in their
histories that couldpotentiallyaccount fordisruptionof the afferentpathway.Oneexplanation relates to
psychosocial factors acting at a central level, resulting in RH [26]. The question begs as towhether rectal
sensorimotor function can be acquired due to chronic abnormal toilet behavioural habits [3], which are
commonly described by adult patients with a particularly long-term, or indeed lifelong, history of
constipation [12]. Functional faecal retention is well described in the paediatric population (see below)
[55], and it is widely believed that the voluntary withdrawal of attention from rectal sensations and/or
habitual suppression of the desire to defecate may lead to attenuation of the call to stool, which in turn
may result in rectal impaction and secondary dilatation of the rectum, potentially resulting in RH,
hypercompliance and/or megarectum [41,56,57]. In such patients, sensory dysfunction (i.e. RH) may
thus merely reﬂect inadequate stimulation of the rectum, rather than ‘primary’ afferent nerve
dysfunction [38]. The opposing view is that sensorimotor dysfunction, for example in the form of
progressive degenerative neuropathic/myopathic/structural changes, is the primary abnormality and
which leads secondarily to ineffective rectal evacuation and clinical symptoms [3]. However, these
concepts warrants further investigation. Finally, a history of severe sexual/physical abuse may be
associated with RH, which may reﬂect altered central processing of afferent information as a psycho-
logical defence mechanism, in response to (painful) rectal stimuli [58]; this may involve activation of
pain inhibitory systems, or attenuation of central arousal systems [41]. Newer techniques to evaluate
brain processing may shed further light on the pathophysiology of RH [59,60].
Inﬂuence of RH on treatment outcomes
Limited data suggest that objective improvement in rectal sensitivity (whereby sensory threshold
values fall to within normal limits) is found in responders to therapeutic interventions, but not in non-
responders [12]. This is the case for a proportion of patients with constipation who have undergone
biofeedback therapy, incorporating ‘sensory retraining’ [30,61–63], sacral nerve stimulation [64,65],
electrical stimulation using an anal plug [35], and extracorporeal magnetic stimulation over the sacral
dermatomes [66]. Inpatientswithmegarectumassociatedwith impairedsensation, surgeryhasalsobeen
AB
Fig. 2. Rectal biomechanics and rectal sensation. Constipated patients with either normal rectal sensation (NS) or rectal hypo-
sensitivity (RH) to simple balloon distension were stratiﬁed on the basis of measurement of rectal compliance (A) and diameter (B).
Grouped data show that both compliance and diameter are greater in patients with RH (P < 0.001 for both). When individuals were
considered, all patients with normal rectal sensation were found to have normal rectal biomechanics, whereas 67% and 51% of
constipated patients with RH had increased rectal diameter (megarectum) and hypercompliance, respectively. (Modiﬁed from
Gladman et al, Neurogastroenterology and Motility, vol. 21, 2009, and printed with the kind permission of John Wiley and Sons) [53].
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controlled trials are required to conﬁrmwhether RH can be used as a biomarker of therapeutic efﬁcacy.
Children
Childrenwith functional constipation also often report reduced urge sensation. Impaired peripheral
rectal sensitivity has therefore been evaluated as a potential underlying mechanism. Using volume-
controlled distension, previous studies reported that larger rectal balloon volumes were needed to
trigger rectal sensation in children with constipation [68,69]. However, given the limitations of volu-
metric-based distension methods (see above), more contemporary studies have employed isobaric
distension protocols, using the rectal barostat. Such studies have shown that no differences in sensory
function could be identiﬁed in groups of children with functional constipation compared to healthy
volunteers [70,71]. Although a small proportion of individual children did have impaired rectal
sensation, they were not more susceptible to treatment failure [72].
Given that no evidence exists that impaired peripheral sensation is a causative factor in children
who report loss of urge sensation, the question arises as to whether the central processing of sensory
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modulated by emotions, attention and cognitions [73]. For example, in paediatric practice, it is well
recognised that many children don’t respond to the urge to defaecate while they are distracted by their
games. Furthermore, it is clear that the majority of children develop functional constipation due to
stool withholding behaviour. As a consequence of painful defaecation, many children stiffen their legs
and contract their pelvic ﬂoor muscles, thereby counteracting propulsive recto-colonic activity [74].
The response to ignore the urge to defecate may be a conscious decision of the child or an automatism
(an unconscious habit), resulting from altered or diminished brain processing of urge sensations due to
loss of attention. Constipation due to stool withholding can generally be successfully treated with
laxative therapy in combination with behavioural modiﬁcations. However, despite intensive therapy,
a subgroup of patients remains symptomatic up to adolescence or young adulthood and experience
many relapse episodes [55]. These patients are problematic because constipation and symptoms such
as abdominal pain and associated faecal incontinence may dramatically inﬂuence quality of life.
An increasingnumberofstudieshavebeenconductedtounravel thebrainprocessingofvisceral sensation
in adults with functional gastrointestinal disorders using fMRI [59,75], and there is some preliminary
evidence that rectal evoked potentials recorded in the cortex are abnormal in constipated children [76].
Extension of such studies may provide further insight into central processing of visceral sensations.Rectal motor function
Direct measurement of transmission along autonomic efferent ﬁbres, and thus ‘true’motor function
of the rectum, is not possible with investigations currently available [18]. Consequently, surrogate
measures of motor activity are derived from assessment of rectal phasic and tonic contractile activity,
and also of organ compliance, using prolonged manometric techniques, including the barostat [77].
Furthermore, rectal evacuatory function can be evaluated using proctography (barium or MR) or
balloon expulsion. It must be borne in mind, however, that abnormal results from studies employing
such techniques do not necessarily reﬂect rectal motor dysfunction.Rectal contractile activity
Adults
Prolonged manometric studies
Manometric assessment of the anorectum over a prolonged period requires transanal insertion of
a thin catheter (water-perfused or solid-state), which then resides in situ over the duration of the study
period. Intubation is best achieved at sigmoidoscopy [11], and catheters can be clipped in place to help
maintain their position [78]. Modern technologies allow for 24 hour assessment [77]. Literature on the
prolonged manometric study of rectosigmoid motility in constipated patients spans nearly 50 years.
However, level of quality of these studies is generally poor, patient selection is mixed, methodologies
vary widely, and no classiﬁcation system regarding rectal contractile activities has yet found universal
agreement. Fundamentally, normative data are lacking. Both qualitative and quantitative (e.g.
contraction frequency, duration, amplitude; often expressed as area under the curve or a motility
index) ﬁndings have been presented. Results are conﬂicting.
In 1962, Connell published his seminal study of pelvic colonic motility in patients with either
constipation or diarrhoea, and reported seemingly paradoxical results, in that constipated patients had
increased levels of contractile activity [79]. This work was mirrored by Wangel and Deller a few years
later, who also found signiﬁcantly higher motility indices in patients with “spastic colon” than those
with functional diarrhoea [80]. Similar ﬁndings have subsequently been reproduced by others [27,81–
83], though ‘hyperactivity’ may be site-speciﬁc; Dinoso et al. showed that a hyperactive ‘segment’
occurred at 15 cm only above the anal verge, whereas the bowel was hypocontractile proximal to this
[82]. Furthermore, such ﬁndings are only present in a proportion of constipated patients: Meunier
showed that 14% and 29% of patients had a hyperactive rectum at rest and following a meal, respec-
tively [27]; similarly, Preston and Lennard-Jones showed that hypercontractilty was only evident in
S.M. Scott et al. / Best Practice & Research Clinical Gastroenterology 25 (2011) 103–118 109patients with an evacuation disorder and normal colonic transit, whereas those with slow colonic
transit (and coexistent evacuation disorder) had reduced motor activity [83].
By contrast, an overall decrease in rectosigmoid contractile activity has been reported in several
studies [27,84,85]. Again, there appears to be some site-speciﬁcity: Waldron et al reported hypocon-
tractility at 5 cm above the anorectal junction, but normal motility of the upper rectum [84]; contrarily,
Ferrara et al showed that a “profound” quiescence occurred at the rectosigmoid [85]. Others have
proposed that in health, a proximal to distal activity gradient exists, with highest motility indices found
in the sigmoid, and lowest in the rectum [86,87]. This gradient is reported as being absent in consti-
pated patients [86,87], and indeed reversed (i.e. highest motility index in the rectum) in those with
symptom-onset attributed to hysterectomy, in response to the anticholinesterase drug neostigmine.
The authors of this study suggested this response constituted a functional obstruction at the rec-
tosigmoid, and reﬂected dysfunction of autonomic innervation [87].
A fairly consistent ﬁnding in prolonged manometric studies is that responses to various stimuli are
attenuated, at least in a proportion of patients; these include absence of the normal postprandial
increase in contractile activity [81,85,88,89], suppression of increased activity on awakening [85], and
also lack of response to pharmacological agents, such as bisacodyl [25,83]. Reynolds et al showed that
24% of patients had an absent response to feeding (i.e. no increase in motility index versus the basal
period), but that these patients had a normal response to the acetylcholinesterase inhibitor edro-
phonium, indicating a neuropathic process [89].
Motor complex activity
Prolonged manometry has also been used to study the phenomena of cyclical motility patterns. In
man, regular periods of contractile activity predominate in the sigmoid and rectum (though they occur
throughout the rest of the colon also) [90,91], especially during the nocturnal period [77]. The ‘rectal
motor complex’ (or ‘periodic rectalmotoractivity’) [92]was formallydescribed in1989 [93], andhassince
been characterised to a greater extent [94–96]. However, the function of such cyclicmotor activitywithin
the colorectum remains incompletely understood, though it has been suggested it provides a ‘brake’
around the rectosigmoid junction [92]. In the isolatedmouse colon,motor complexes (MCs) are elicited in
the presence of muscle paralysis, but absent if enteric neurotransmission is disrupted [97], conﬁrming
that the enteric nervous system is primarily responsible for this pattern of contractility. MC activity is
therefore considered to reﬂect the integrity of enteric neuromotor function [98]. It is generally accepted
that MCs are deﬁned as regular bursts of phasic pressure waves lasting 3 min, with a contraction
frequency of 2 min. Such MCs occur more frequently at night (0.8–1.4 h1) than during the day (0.2–
0.7 h1) [77,93,95]; overall mean nocturnal cycling time isw40 min [77,93,95], whereas daytime MCs
recur approximately once every hour. The duration of each MC ranges from 3 to 30 min [94,95].
Four studies have been performed in adults with documented slow transit constipation, providing
conﬂicting results. Rao et al reported an increase in MC frequency, duration and amplitude, and also
a loss of co-ordination between MCs and more proximal colonic events [92]. They suggested that this
may act as a ‘functional obstruction’, further impeding intra-luminal transport of stool [92]. Likewise,
Waldron et al showed an increase in MC frequency (non signiﬁcant), but marked decrease in complex
amplitude [99]. By contrast, Bassotti et al. reported a decrease in MC frequency in patients, although
control data were not presented [100]. Similarly, Hagger et al. showed a decrease in both rectal and
colonic MC frequency, though MC duration and contraction frequency (within the complex) were
increased, in comparison to controls. The authors suggested that this generalised decrease in motor
activity contributes to a reduction in propulsion [90], and may represent a motor neuropathy [99,100].
Clearly, further work is required in this area.
Children
No similar studies exist in the paediatric literature.
Prolonged barostat studies
The major limitation with regard to prolonged manometric studies is that this method is considered
inappropriate to measure intraluminal pressure change in a relatively large diameter viscus such as the
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actual amount of contractile activity [101,102]. The advent of the electromechanical barostat, which
rapidly aspirates (during contraction) or injects air (during relaxation) into a catheter-mounted bag
conforming to the internal outline of the rectum to maintain a set pressure or volume, accounts for the
paucity of contemporary studies of rectal motility using traditional manometric catheters. Prolonged
isobaric barostat studies allow for measurement of both rectal tone (sustained changes in bag volume)
and phasic contractions (transient changes in bag volume: “phasic volume events”) [77]. Several studies
have been performed [34,38,103–105]. In some [103–105], though not all [34,38], the normal increase in
rectal tone in response to feeding [106] has been shown to be attenuated. O’Brien et al. reported that this
suppression of the postprandial response occurred inpatientswith an evacuatory disorder, but not those
with slow transit constipation. A greater proportion of patients with a disorder of evacuation also had
simultaneous contractile activity in the left colon,which theauthors suggestedmay represent apatternof
colonic neuropathy [104].Mollen et al showed that the attenuatedmeal response could be reversed after
successful biofeedback treatment, indicating an inhibitory reﬂex suppresses postprandial motility [105].
Other studieshave showna reduced tonic response toneostigmine, thehormoneglucagon [103], andalso
to bisacodyl [107]; this latterﬁndingwas speciﬁc to patientswith anevacuatory disorderallied todelayed
colonic transit. Furthermore, Sloots and Felt-Bersma reported that phasic volume events were reduced
both at baseline and also following ameal in constipated patients in comparison to healthy controls [34].
Rectal compliance and capacity
Rectal compliance is one component of rectal biomechanical function, and refers to the ability of the
rectum to distend, and is deﬁned as the “volume response to an imposed pressure,” [108]; it varies
considerably between individuals [52]. In vivo rectal compliance is related to the passive properties of the
rectum, inﬂuenced particularly by its collagen content, and the physiological state of rectal smooth
muscle ﬁbres and their degree of phasic activity [108], which is an important function of rectal motor
activity [33]. It is recommended that assessment of rectal sensation tomechanical stimuli (i.e. perception
of distension: see above) be considered in the context of rectal compliance [21]. Although feasible using
conventional latex balloon distension, rectal compliance is most accurately assessed using the barostat,
whichminimises both observer bias and error [20]. An oversized polyethylene bag is used; provided that
the range of volumes used for the study remains below 90% of the maximum bag volume, this can be
regardedas inﬁnitelycompliant, in that its ownpropertieshaveno inﬂuenceon the internal pressure [20].
The pressure–volume relationship of the rectumduring distension, necessary for the calculation of rectal
compliance, can be evaluated using a variety of paradigms, although phasic distension ismost commonly
used [20]. Compliance is calculated as change in volume divided by change in pressure (DV/DP) [14,21]
Given that the pressure–volume relationship is represented by a characteristic triphasic sigmoid curve
(i.e. non-linear), compliance isoftencalculatedas theslopeof thesteeppartof thispressure-volumecurve
[13,20] Alternatively, compliance can be approximated to an exponential function [109].Measurement of
rectal compliance is useful, as altered rectal distensibility can adversely affect rectal function [51].
Adults
Rectal compliance increased above the normal range (i.e. hypercompliance or hypotonicity) is
indicative of an excessively lax or capacious rectum [14]. The slope of the pressure-volume curve is
displaced toward the vertical position (i.e. the barostat is required to inject greater volumes of air than
normal into the intra-rectal bag to reach pre-set pressure levels). Several studies have included
assessment of rectal compliance in the investigation of constipated patients. In many of these (though
not all) [28,87], comparison of grouped data between patients and healthy controls failed to show
differences in compliance [29,30,32,84]. However, when individual patients are considered, other
studies report that a proportion of subjects (18–37%) do indeed have increased compliance [33,34,38].
With regard to sub-groups of constipated patients, Penning et al [32] and Sloots and Felt-Bersma [34]
found no differences in compliance between them, However, Gladman and colleagues showed that
increased compliance was only found in patients with concomitant impairment of rectal sensation to
mechanical distension (rectal hyposensitivity: see above), whereas all constipated patientswith normal
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between rectal capacity/dimensions and compliance, with an increase in compliance being reported in
some patients with gross dilatation of the rectum (megarectum) [53,110,111]. This led Varma and Smith
to suggest that excessive rectal laxity, in patients inwhom rectal dilatation is not obvious radiologically
(‘anatomical’ megarectum), may reﬂect a ‘functional’ megarectum [28]. An in-depth review of mega-
rectum is beyond the scope of this chapter [112]. Newer techniques used for the study of rectal
biomechanical function and size now exist, including impedance planimetry [113], endoluminal ultra-
sound [114], and magnetic resonance imaging [115–117]. However, such methods remain within the
research arena, and have not found routine clinical use.
As described above, impaired rectal sensation, increased rectal capacity and rectal hypercompliance
are closely linked, though the relationship is not absolute. Their coexistence may reﬂect a combined
sensorimotor neuropathy. In terms of symptom generation, these factors likely contribute to faecal
retentionbydecreasingthe frequencyand intensityof thedesire todefaecate, andhencethemotivation to
do so [38]. Furthermore, rectal hyposensitivity (and hence rectal hypercompliance) is most commonly
associated with evacuatory disorders characterised by a ‘functional’ outlet obstruction (e.g. dyssynergic
defaecation: see above) [118,119], indicating that intact rectal sensation and appropriate resistance to
distension are important in facilitating normal relaxation of the pelvic ﬂoor, and also the generation and
non-dissipationof expulsive forces.However, the cause-effect relationship remains unclear. Likewise, the
aetiology of increased rectal compliance is unknown. Since compliance is likely to be related to structural
properties andmotor activity of the rectum, abnormalities of either, or both, could potentially result in an
excessively lax rectum. The leadinghypothesis is that rectal hypercompliance is a secondaryconsequence
of long-term constipation, resulting from chronic distensionwith faeces leading to overstretching of the
rectal wall [56,72]. Onset may feasibly be in childhood, as strong paediatric data exist to show that many
constipated children also have increased rectal compliance [70]. The natural history of rectal biome-
chanical function, and whether rectal hypercompliance is a precursor to rectal hyposensitivity, or vice
versa, could only be determined by performing a long-term longitudinal study into adulthood.
Inﬂuence of rectal hypercompliance on treatment outcomes
Very few data exist as to whether rectal compliance can be used as a biomarker of therapeutic
efﬁcacy in constipated patients. Mollen et al showed that rectal compliance was similar in controls and
patients before and after biofeedback training [105]. However, Fernández-Fraga et al reported that poor
responders to biofeedback treatment had increased compliance compared to responders, whereas
rectal sensitivity was unrelated to treatment success [120]. In patients with constipation allied to
megarectum, treated successfully by a novel surgical procedure (vertical reduction rectoplasty), post-
operative rectal compliance was normal in 88%. Rectal perception of the desire to defaecate was
restored in all patients, and sensory thresholds were normalised in six of eight patients [67].Fig. 3. Pressure-volume relationships during phasic isobaric distension using the barostat. Mean rectal compliance, taken as the slope
of the steep linear part of the curve, was signiﬁcantly greater (P < 0.001) in constipated patients with rectal hyposensitivity (RH) to
simple balloon distension than thosewith normal rectal sensation (NS) and also healthy volunteers (HV). (Modiﬁed fromGladman et al,
American Journal of Gastroenterology, vol. 100, 2005, and printed with the kind permission of the Nature Publishing Group) [38].
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In paediatric studies, assessment of rectal biomechanics using the barostat have shown that rectal
compliance is higher in childrenwith functional constipationwhen compared to healthy children [70],
i.e. the rectumhas a greater capacity todistendand relaxesmore in response todistension. This indicates
that larger stoolvolumesareneeded to trigger rectal sensation, and that rectal toneandcontractilitymay
then become impaired, which contributes to delayed evacuation of faeces [121]. Increased rectal
compliance has therefore been considered an important mechanism of intractable childhood con-
stipation. In a recent cross-sectional study, constipated adolescents were compared to recovered
subjects and healthy adolescents. This revealed that rectal compliance was lower in recovered adoles-
cents compared to symptomatic patients. However, almost half of recovered subjects with a regular
defecationhabit still had increased rectal compliance (Fig. 4) [71]. Furthermore, prospective longitudinal
barostat studies in 101 children with functional constipation showed that patients with severely
increased rectal compliance had more severe symptoms, such as lower defecation frequency, more
faecal incontinence and more faecal impaction. Although increased compliance was found in the
majority of patients, it was, however, not predictive of unfavourable outcome, making the clinical
relevance questionable (Fig. 5) [72]. Irrespective of normal or increased rectal compliance, approxi-
mately 40% of the patients were successfully treated after 1 year of laxative therapy.Many childrenwith
treatment failure, persisted to have faecal incontinence while defecation frequency normalised [72].
Rectoanal sensorimotor response
Rao and colleagues have recently described the rectoanal sensorimotor response, which is an anal
contractile response to rectal distension, coincident with perception of ﬁlling [122]. This is akin to the
rectal contractile response to distension described previously by others [118,123], who have shown that
rectal sensation appears not to be perceived unless distension elicits a rectal contraction [124,125]. In
30 patients with constipation and rectal hyposensitivity, the rectoanal sensorimotor response was
present in all, but perceived sensation to distensionwas absent in 13 (43%) and attenuated in 17 (57%);
rectal compliance was higher in those with absent sensation [126]. Further studies are required to
better elucidate the role of abnormal rectoanal reﬂexes/responses in the pathogenesis of bowel
dysfunction. These responses have not been studied in children.Fig. 4. Rectal compliance in children. Paediatric patients with functional constipation (FC) had signiﬁcantly increased compliance
compared to subjects who had recovered from constipation (RC) and also healthy volunteers (HV), P < 0.05 and P < 0.001,
respectively. Signiﬁcantly more FC patients had rectal compliance above the upper limit of normal (20 ml/mm Hg) when compared
to RC subjects (75% vs. 45%, P ¼ 0.02. (Modiﬁed from van den Berg et al, Gut, vol. 57, 2008, and printed with the kind permission of the
BMJ Publishing Group Ltd) [71].
Fig. 5. Inﬂuence of rectal compliance on treatment outcome in paediatric patients. There were no signiﬁcant differences in rectal
compliance (mL/mm Hg) at baseline and at 1 year in patients with successful and unsuccessful outcomes to best available therapy.
(Reproduced from van den Berg et al, Gastroenterology, vol. 137, 2009, and printed with the kind permission of Elsevier) [72].Rectal evacuatory dysfunction
Together with preservation of bowel continence, normal rectal evacuation may be considered the
composite end-product of normally integrated and co-ordinated rectal sensorimotor function. Intui-
tively, therefore, sensorimotor dysfunction likely represents a principal pathophysiological mechanism
of disordered evacuation [3]. A comprehensive review of this subject and the means to measure it are
beyond the scope of this article.Summary
Inviewof themajor impact of severe constipationonapatient’s physical and/or emotionalwell-being,
it is important to unravel pathophysiologicalmechanismsunderlying thedisorder. There is nowevidence
to support a role for rectal sensorimotor dysfunction as contributory to symptoms in at least a proportion
of patients with chronic constipation. Rectal hyposensitivity, rectal hypercompliance, increased rectal
capacity, rectalmotor dysfunction (phasic contractility and tone), and altered rectoanal reﬂex activity are
all found in constipated patients, particularly in associationwith ‘functional’ disorders of defaecation (i.e.
pelvic ﬂoor dyssynergia). In children, increased rectal compliance may play a more prominent role,
whereas in adults, dysfunctionwithin both sensory andmotor domains, aswell as altered biomechanical
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outcome remain uncertain. The interaction between these components is complex, and further studies
are required,with better investigative tools, to elucidatewhether there is a true cause-effect relationship
between sensorimotor dysfunction and constipation, or whether this is purely an epiphenomenon.
Moreover, clinical trials directed to more homogenous subgroups of patients stratiﬁed by rigorous
investigation of rectal sensorimotor function are warranted. This will allow for directed rather than
empirical management, and potentially to the development of novel therapeutic options.Practice points
 Rectal sensorimotor dysfunction is allied to attenuation of the desire to defaecate, and is
strongly associated with ‘functional’ evacuatory disorders.
 Rectal hyposensitivity is present in one-quarter of constipated adults. In a third of these
patients, impairment of sensation appears to be due to a ‘primary’ disorder of the afferent
pathway. In the remaining two-thirds, attenuated sensory perception appears to be
secondary to altered rectal biomechanics (compliance/capacity). ‘True’ sensory dysfunction is
less evident in constipated children.
 Rectal motor dysfunction (altered phasic contractile activity and tone, and particularly an
attenuated response to physiological and pharmacological stimuli) and rectal hyper-
compliance are also evident in a proportion of patients.
 In children, and likely a proportion of adults, the cause of altered rectal sensorimotor function
may be stool withholding behaviour, and the habitual suppression of the desire to defaecate.
Risk factors with the potential for disrupting rectal afferent pathways (e.g. spinal injury/
surgery; pelvic and anorectal surgery) are commonly reported in adults.
 Comprehensive physiological investigation allows stratiﬁcation of patients based on
components of rectal sensorimotor dysfunction.
 The optimum treatment of patients with rectal sensorimotor dysfunction is currently unclear.
The majority are managed symptomatically. Bowel retraining techniques, incorporating
biofeedback, may provide beneﬁt, and data are emerging to support the use of neural
stimulation techniques. Normalisation of sensory thresholds may be a biomarker of thera-
peutic success.
Research agenda
 There is a relative paucity of normative data for components of rectal sensorimotor function.
Provision of large and robust normal ranges, likely throughmulticentre studies, is paramount
to deﬁning abnormalities in an individual, and also to improve the clinical utility of inves-
tigative techniques (e.g. ambulatory manometry).
 Larger and better designed studies of rectal motor function, including assessment of motor
complex activity (a marker of enteric neuromotor function) are required, using both tradi-
tional prolonged manometric techniques, and also prolonged barostat studies.
 The contribution of psychobehavioural factors to abnormal rectal sensorimotor functioning
requires detailed investigation.
 Performance of longitudinal clinical and physiological studies from childhood into adulthood,
to determine the natural history of rectal sensory and biomechanical dysfunction; this may
reveal a progressive disorder.
 Development of spinal monitoring and brain imaging techniques, which may enable
a distinction between those with a primary defect in the afferent pathway, or those who have
aberrant brain processing of sensation.
 Adequately designed prospective therapeutic trials on subgroups of patients, stratiﬁed by
comprehensive evaluation of components of rectal sensorimotor function (compliance,
capacity, afferent nerve sensitivity).
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